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Abstract—The proposed work seeks to develop an intelligent safety monitoring system that can
detect and alert users to emergency situations such as fires, overcrowding, and accidents. This
system integrates a variety of sensors, including temperature sensors, fire detection sensors,
ultrasonic sensors, and infrared (IR) sensors, to continuously monitor real-time conditions in a
given environment. Leveraging advanced Al algorithms, the system enhances fire detection by
analysing smoke and heat signatures, monitors crowd density to identify overcrowding, and
uses motion patterns to detect accidents. When an emergency is detected, the system
automatically sends SMS notifications to designated emergency contacts, activates auditory and
visual alarms, and logs the incident for future analysis. A web-based dashboard provides a
centralized platform for real-time visualization of sensor data, detected incidents, and alert logs,
ensuring a quick response and effective monitoring. The system is scalable, supporting up to
four sensors, and is designed for integration with local emergency services to facilitate incident
management. Through installation, configuration, and testing of its components, the proposed
work aims to improve public safety by offering real-time, automated responses to critical
situations, minimizing risks, and ensuring timely interventions.

Index Terms— Smart management systems, Public Transit, Intelligent sensors, 10T.

|. INTRODUCTION

In today's fast-paced and densely populated environments, ensuring safety and preventing potential hazards is
essential for effective public and private space management. With the increasing frequency of fire accidents,
overcrowding incidents, and unexpected accidents, there is a growing need for an efficient and intelligent system
that can monitor, detect, and respond to emergencies in real time. Traditional safety systems are often reactive,
relying heavily on human intervention, which can lead to delayed responses. This creates a clear demand for a
proactive, automated safety monitoring system capable of detecting and alerting emergency situations before
they escalate.

This proposed work proposes the development of an Intelligent Safety Monitoring System that aims to enhance
public safety by integrating advanced sensors and Al detection algorithms. The system utilizes a combination of
temperature sensors, fire detection sensors, ultrasonic sensors, and infrared (IR) sensors to monitor critical
factors such as temperature anomalies, smoke, crowd density, and motion patterns. By

Grenze ID: 01.GIJET.11.2.515 2
© Grenze Scientific Society, 2025



leveraging these sensors, the system can detect early signs of fire, monitor for overcrowding, and identify
potential accidents or falls. In doing so, it offers an automated response to mitigate risk and ensure safety.

The system features an intelligent alert mechanism, which sends automated SMS notifications to designated
emergency contacts and triggers both visual and auditory alarms for immediate attention. A web-based
monitoring dashboard will provide real-time visualization of sensor data, incident logs, and detected alerts,
offering users a centralized platform to track and respond to emergencies. Moreover, the system is designed to
seamlessly integrate with local emergency services, providing a comprehensive safety solution for various
environments, including public events, crowded spaces, and buildings.

By implementing Al-driven detection, real-time monitoring, and automated responses, this system seeks to
revolutionize safety management. It offers faster and more accurate reactions to critical incidents, significantly
improving public safety and minimizing the impact of emergencies.

Il. RELATED WORK OR LITERATURE STUDIES

The literature highlights various technologies and approaches that contribute to the design of the proposed
intelligent safety monitoring system. The integration of Al detection algorithms, real-time sensor data,
automated alert mechanisms, and web based dashboards forms the foundation for a more responsive and
effective safety system. Drawing on research in fire detection, crowd monitoring, accident detection, and
automated alert systems, the proposed proposed work aims to integrate these technologies into a cohesive
platform capable of providing real-time, automated safety monitoring in public spaces.

The literature review provides a comprehensive review of various fire detection methods utilizing 1oT-based
sensors, including smoke and heat sensors Yoon, S.et al, 2019 [1]. The highlights overviews the need for
integrated fire detection systems in smart buildings that can detect fires early, enabling quick response times to
minimize potential damage. Many authors stress the importance of using multiple types of sensors—such as
smoke, temperature, and gas sensors—to increase the accuracy and reliability of fire detection systems. This
multi-sensor approach is essential for enhancing the performance of fire detection in smart environments :
Zhang, Let al 2023[2].

A. Relevance

The integration of smoke and heat sensors as part of an intelligent safety monitoring system directly aligns with
the findings in this paper. Early fire detection and the ability to send automatic alerts are critical elements in the
proposed proposed work. By adopting a similar multi-sensor approach, the system can provide more accurate
and timely fire detection, ensuring enhanced safety and a quicker response in emergencies.

B. Motivation

The motivation behind this proposed work is driven by the growing need for enhanced safety measures in
densely populated environments, public spaces, and workplaces. As population density increases and the
frequency of emergencies—such as fires, overcrowding, and accidents—rises, traditional safety systems often
fall short in preventing or responding to these events effectively. These systems typically rely on manual
monitoring and human intervention, which can lead to delayed response times and, in some cases, catastrophic
outcomes.

Many public and private spaces still lack real-time, automated safety solutions, posing a significant challenge to
ensuring public safety. Conventional safety mechanisms often fail to detect hazards in their early stages, such as
the onset of a fire or the formation of overcrowded areas, thus heightening the risk of accidents. Additionally,
monitoring crowded areas for potential accidents, such as falls or injuries, typically requires continuous human
supervision, which is neither feasible nor efficient in many cases.

This proposed work is motivated by the need for a proactive, intelligent safety monitoring system that can
continuously assess environmental conditions and automatically detect potential threats. By utilizing Al,
advanced sensors, and real-time data analytics, the system aims to provide early detection and immediate alerts
for emergencies such as fire, overcrowding, and accidents. This would enable faster intervention, reduce risks,
and minimize potential damage.

Moreover, integrating the system with modern technologies like automated SMS notifications and a real-time
web dashboard ensures that emergency contacts and authorities are immediately informed, allowing them to
respond quickly. Ultimately, the goal is to create a safer, more responsive environment where threats are
identified and addressed before they escalate into serious harm or loss. By offering real-time monitoring,
detection, and automated alerts, the system aimsto transform how safety is managed in high-risk spaces like
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crowded events, public buildings, and other critical environments.

I11. PROPOSED METHODOLOGIES OR PROBLEM SOLVING

The Al-Based Safety Monitoring System follows a structured methodology to ensure accurate detection of fire,
overcrowding, and accidents, along with effective alert mechanisms and real-time monitoring. Below is a step-
by-step breakdown of the methodology:

A. System Design & Architecture

The system architecture includes multiple components that interact with each other to form a cohesive safety
monitoring solution. The key components of the system are:

B. Sensors

Temperature sensor, fire detection sensor, ultrasonic sensor, and IR sensor

C. Data Processing Unit
Microcontroller (e.g., Arduino, ESP32) or l0T gateway that processes the data from sensors.

D. Al & Algorithm Layer

Al models that analyze the sensor data and make decisions about potential hazards. Alert Mechanism: SMS
notifications, visual alarms, and buzzers for emergency alerting.

Web-Based Dashboard: For real-time monitoring and data visualization. Communication Layer: Integration with
emergency services through SMS or web API.

IV. SENSOR SELECTION & INTEGRATION

A. Temperature Sensor

A temperature sensor (e.g., DHT11 or LM35) is chosen for monitoring ambient temperature. It detects a rise in
temperature, which is an indicator of potential fire hazards. This sensor feeds real-time data into the
microcontroller for further processing.

B. Fire Detection Sensor

The system uses a smoke sensor (e.g., MQ-2) to detect smoke and an additional heat sensor to measure
temperature anomalies. The combination of both provides more reliable detection of fire conditions.

C. Ultrasonic Sensor

This sensor (e.g., HC-SR04) is used to monitor crowd density and movement. The ultrasonic waves measure the
distance of objects (people) in the vicinity, and the data is used to calculate crowd density. A high density
indicates a potential overcrowding situation, triggering alerts.

D. IR Motion Sensor

IR sensors (e.g., HC-SR501) are used to detect motion and abnormal activity (such as falls or accidents). The
system continuously analyzes the motion patterns to identify any unusual movement that may indicate an
accident.

V. DATA ACQUISITION & PREPROCESSING

A. Real-Time Data Collection

The sensors continuously gather data, which is sent to the central processing unit (microcontroller or loT
gateway).

B. Data Preprocessing

Raw data is cleaned and processed to remove noise. The temperature, smoke, and motion data are converted into
usable formats (e.g., digital values) that can be compared against predefined thresholds for hazard detection.

C. Al-Based Hazard Detection Fire Detection

The Al model analyzes the temperature and smoke data. If both sensors detect unusual patterns (e.g., sudden rise
in temperature and increase in 22 smoke concentration), the system identifies itas a fire hazard. A rule-based
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algorithm triggers an alarm when these thresholds are exceeded.

D. Overcrowding Detection

The ultrasonic sensor data is analyzed to calculate the distance between people and estimate crowd density.
Using machine learning or rule-based algorithms, the system detects overcrowding when the density exceeds a
predefined safe limit.

E. Accident Detection

The IR motion sensor data is analyzed to detect abnormal movement patterns (e.g., sudden falls or collisions). Al
models are trained to recognize patterns that signify accidents, such as a person remaining stationary after an
initial movement (fall), triggering an alert.

V1. ALERT MECHANISM

A. Automated SMS Notifications

When a hazard (fire, overcrowding, or accident) is detected, the system automatically sends SMS alerts to
designated emergency contacts. The message includes incident details such as the type of hazard, location (if
GPS is available), and a severity level. For SMS integration, APIs like Twilio or GSM modules are used to
communicate with emergency contacts.

B. Visual & Auditory Alerts

A buzzer and visual alarm (LEDs or flashing lights) are triggered to alert individuals in the affected area. These
alarms act as immediate indicators to evacuate or respond to the situation.

VIl. REAL-TIME MONITORING & DATA VISUALIZATION

A. Web Based Dashboard

The system includes a web-based dashboard for monitoring sensor data in real time. The dashboard displays live
updates of temperature, smoke levels, crowd density, and motion data.lt also logs historical data for analysis and
generates alerts when hazards are detected. User Interface: The dashboard provides an intuitive interface for
administrators or safety personnel to monitor the environment and take necessary actions. The dashboard may
include features like: m Real-time graphs of sensor data. m Alerts and logs of detected incidents. m Map view (if
GPS data is available) to locate incidents.

B. Testing & Calibration System Calibration

Each sensor is calibrated to ensure accurate data collection. The temperature and smoke sensors are tested in
controlled environments to finetune detection thresholds. The ultrasonic sensor is tested for accurate crowd
density measurement, ensuring it provides precise distance readings. Real-World Testing: The entire system is
tested in real-world environments (e.g., public spaces, offices, or event halls) to validate its performance and
response times. Simulated fire, overcrowding, and accident scenarios are created to evaluate the system's ability
to detect hazards and trigger alerts.

Temperature Sensor

Web Dashboard (Real
(DHT11) K time Visualization)

Ultrasonic Sensor

(Crowd Density)

PIR Motion Sensor

(Accident)

Fig 1&2 : Block Diagram of CMS and Its Flow Chart
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C. Software Implementation

The code is structured for your Al-Based Safety Monitoring System with sensor data collection, fire detection,
overcrowding detection, accident detection, alert system, and dashboard integration.

VIIl. RESULTS AND DISCUSSIONS

The system is designed to provide real-time detection and alerting for fire, overcrowding, and accidents through
a range of sensors and integrated components.

A. Fire Detection

The system utilizes a temperature sensor and a fire detection sensor (MQ) to monitor environmental conditions
for potential fire risks. When temperatures exceed 50°C or when high smoke levels are detected, the system
triggers both visual (LED) and audible (buzzer) alarms. Additionally, SMS notifications are sent to predefined
emergency contacts, ensuring quick action can be taken to mitigate the fire risk.

B. Crowd Monitoring

An ultrasonic sensor measures the distance between individuals or objects in a designated area. A threshold for
crowd density is set (e.g., when the distance falls below 50 cm, indicating overcrowding). If the density exceeds
the defined limit, the system activates the alert mechanism and sends an SMS notification to authorities. The
system’s dashboard provides continuous updates on crowd density, offering real-time visibility of monitored
areas.

C. Accident Detection

The infrared (IR) motion sensor detects unexpected motion or falls, which may indicate an accident. Upon
detecting such events, the system triggers alerts and sends SMS notifications to the designated emergency
contacts for immediate assistance. This feature significantly reduces response time, especially in large, crowded,
or hard-to-reach locations.

D. Web Dashboard

The web dashboard provides real-time visualization of the sensor data, including temperature, smoke levels,
crowd density, and accident detection status. The data is updated regularly (e.g., every second) to ensure the
latest sensor readings are reflected. A Flask server delivers the data to the dashboard, and JavaScript is used to
dynamically update the displayed values, enabling remote monitoring of safety conditions and timely responses.

E. System Integration

The system integrates all components seamlessly. The Arduino microcontroller processes the data from the
sensors and triggers alerts when necessary. The GSM module is responsible for sending SMS notifications,
ensuring that emergency contacts are alerted promptly. The web-based dashboard provides a user-friendly
interface for continuous monitoring, helping users respond effectively to any detected hazards.

This comprehensive system provides a proactive, automated approach to safety monitoring, ensuring faster
detection and response to critical events.

Fig 3: Implementation, Execution and sample of Detection of Hazards in cautioning the Crowd
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IX. CONCLUSION

The Smart Crowd Management System effectively integrates multiple sensors and a microcontroller to monitor
environmental conditions and crowd dynamics in real-time. By utilizing temperature sensors (DHT11), fire
detection sensors (MQ-2), ultrasonic sensors for crowd density, and PIR motion sensors, the system ensures
continuous data collectionnb and analysis. This data is processed by Al algorithms to identify potential hazards
such as fires, overcrowding, or accidents. The system's ability to trigger alerts—through SMS notifications,
visual alarms, and auditory signals—ensures timely responses to emergencies. Additionally, the web-based
dashboard provides continuous monitoring and visualization of crowd dynamics, enhancing situational
awareness for both operators and emergency responders. This multi-faceted approach not only improves safety
in crowded environments but also supports efficient resource allocation during emergencies.

FUTURE ScopPe
Looking ahead, the Smart Crowd Management System can be further enhanced in several key areas:

A. Advanced Al Algorithms

The integration of more sophisticated machine learning models can improve the accuracy of hazard detection by
learning from historical data and adapting to evolving environments.

B. Integration With loT

Expanding the system's capabilities through 10T connectivity can enable remote monitoring and control, offering
real-time updates and interventions from any location.

C. Mobile Application Development

A mobile app can provide users with instant access to alerts and system status, improving user engagement and
response times.

D. Data Analytics

Incorporating advanced data analytics will help understand crowd behavior patterns over time, aiding event
planning and large gathering management.

E. Scalability

Enhancing scalability will allow the system to be deployed in various settings, from small venues to large public
events, adapting to the specific needs of each environment.

F. Collaboration with Emergency Services

Direct communication channels with local emergency services can streamline response efforts during critical
incidents, ensuring quicker action and coordination.

G.User Feedback Mechanism

Implementing a feedback loop from users can refine system features based on real-world experiences and
operational challenges.

In conclusion, the Smart Crowd Management System represents a significant advancement in improving safety
in crowded environments. With continuous development and the integration of emerging technologies, it has the
potential to become a vital tool for event organizers, public safety officials, and urban planners, enhancing
overall safety and response capabilities in diverse environments.
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